Reaction of (Z)-2-Benzoylamino-4-dimethylamino-2-oxo-3-butene 1 with amidines 2a-e afforded pyrimidines 3a-e. Acid-catalysed treatment of 1 with potassium cyanide gave (E)-3-benzoylamino-4-cyano-2-oxo-3-butene 4. 1,3-Dipolar cycloadditions of nitrile imines and 2,4,6-trimethoxybenzonitrile oxide 7a to compound 4 afforded the corresponding pyrazole derivatives 6a-d and the isoxazole-4-carbonitrile 8a. In the reaction of 4 with 2,4,6-trimethylbenzonitrile oxide 7b, bis-cycloadduct 9 was formed and its structure was also determined by X-Ray analysis.
Introduction
Enaminones, 1 such as β-dimethylamino derivatives of α,β-unsaturated ketones, esters, and nitriles, are an important class of compounds, which have been used extensively for the preparation of a variety of heterocyclic systems 1,2 including some natural products and analogues. 3 Recently, β-dimethylamino-α,β-unsaturated ketones and nitriles have been transformed into pyridine, isoquinoline, 4 pyrazole, isoxazole, pyrimidine, 5 and pyranone derivatives. 6 In this connection, we have previously reported a 3 step preparation of (Z)-3-benzoylamino-4-dimethylamino-2-oxo-3-butene 1 from hippuric acid and cyclizations of the enaminone 1 into pyrazole and pyrido [2,3-d] pyrimidine derivatives. Structural determination of 1 and two of its dimethylamine substitution products has also been performed using 2D NMR (HMBC techique). In all cases, the (Z)-configuration around the C=C double bond has been established.
As an extension of these studies we describe here some applications of (Z)-2-benzoylamino-4-dimethylamino-2-oxo-3-butene 1 and (E)-3-benzoylamino-4-cyano-2-oxo-3-butene 2 in the synthesis of heterocyclic systems.
Results and Discussion
(Z)-3-Benzoylamino-4-dimethylamino-2-oxo-3-butene 1 has been prepared in 3 steps from hippuric acid in 58 % yield. 7 Compound 1, when treated with amidines 2a-c in ethanol in the presence of sodium carbonate, produced 2-aryl-5-benzoylamino-4-methylpyrimidines 3a-c. The following amidines were selected: benzamidine hydrochloride 2a, 4-amidinobenzamide hydrochloride 2b, and 3-nitrobenzamidine hydrochloride 2c. Similarly, enaminone 1 reacted with amidine like compounds, such as guanidine hydrochloride 2d and 3-amino-5-mercapto-1H-1,2,4-triazole 2e to give the corresponding 2-aminopyrimidine derivative 3d and 6-benzoylamino-2-mercapto-7-methyl-[1,2,4]triazolo[1,5-a]pyrimidine 3e, respectively. The compounds exhibit a signal for the 4-Me group at δ = 2.18-2.58 ppm, several multiplets at δ = 7.54-8.80 ppm for protons attached to the aromatic rings, a singlet at δ = 8.04-8.97 ppm for 6-H, two exchangable protons at δ = 7.44 ppm for the NH 2 group attached at 2-position of 3b, and one exchangable proton at δ = 10.28-10.52 ppm for the NHCO group. The dimethylamino group in (Z)-3-benzoylamino-4-dimethylamino-2-oxo-3-butene 1 can be exchanged by a cyano group with potassium cyanide in a mixture of toluene and acetic acid under reflux to give (E)-3-benzoylamino-4-cyano-2-oxo-3-butene 4 in 72% yield (Scheme 1). The structure of nitrile 4 was confirmed by spectroscopic methods and by microanalysis for C, H, and N. The 1 H NMR spectrum shows a singlet at δ = 2.88 ppm for the methyl group, two multiplets at δ = 7.49-7.64 ppm and δ = 7.82-7.86 ppm for the protons of benzoyl group, and a singlet at δ = 7.83 ppm for the proton attached to the C=C double bond. The IR spetrum exhibits a peak at ν = 2200 cm -1 , characteristic for a cyano group. Since compound 4 was isolated as a single isomer, differentiation between (Z)-and (E)-form can be easily achieved on the basis of the magnitude of the long-range heteronuclear coupling constants, 3 J C-H , which have been used previously for the determination of conformations and configurations of various α,β-unsaturated systems. [8] [9] [10] Recently, the orientation around the C=C double bond in alkyl 2,3-diaminopropenoates has been determined using a 2D HMBC method. 11 Generally, the magnitude of the coupling constants 3 J C-H for nuclei with a (Z)-orientation around the C=C double bond are smaller (2-6 Hz) than those for the (E)-oriented ones (8-12 Hz). 11, 12 Similar coupling constants have also been observed in some oxazolone derivatives with an analogous structural element.
13,14
The HMBC correlation technique has been found to be the most suitable for the determination of the configuration around the C=C double bond in analogous compounds. Since the C=C double bond in compound 4 is activated, some 1,3-dipolar cycloadditions of nitrile imines and nitrile oxides were studied. For this purpose N-phenylbenzohydrazonoyl chlorides 5a-d were selected. The reactions were carried out in boiling dichloromethane, in the presence of triethylamine in order to achieve the in situ formation of the corresponding nitrile imines, producing 5-acetyl-4-cyano-3-aryl-1-phenyl-1H-pyrazoles 6a-d in 53-75% yields. The structure of compounds 6a-d were determined on the basis of elemental analyses for C, H, and N, and IR spectra, which show a band at ν = 2250-2300 cm -1 characteristic for a cyano group, similarly as shown in other cyano propenoates prepared in our laboratory. 15a,d,e,16,17 By 1,3-dipolar cycloadditions of benzonitrile oxides 7a,b to compound 4 two types of products were formed. When compound 4 was heated for 6 h in dichloromethane with 2,4,6-trimethoxybenzonitrile oxide 7a, the corresponding 5-acetyl-4-cyano-3-(2,4,6-trimethoxyphenyl)-isoxazole 8a was isolated in 47% yield. On the other hand, when the reaction was carried out with 2,4,6-trimethylbenzonitrile oxide 7b, a cycloadduct 9 resulting by cycloaddition of 2 molecules of nitrile oxide 7b to one molecule of 4 was isolated in 34% yield. This is clearly visible from the 1 H NMR spectrum in which peaks for two 2,4,6-trimethylphenyl groups are present. Since the IR spectrum exhibits a signal at ν = 2240 cm -1 characteristic for the cyano group, the most plausible explanation is that first the mono-cycloadduct 8b is formed and then the second cycloaddition of nitrile oxide is taking place to the C=O double bond of the 5-acetyl group (Scheme 2). (E)-3-Benzoylamino-4-cyano-2-oxo-3-butene (4). Acetic acid (3 mL) was added dropwise to a mixture of (Z)-3-benzoylamino-4-dimethylamino-2-oxo-3-butene 1 (0.232 g, 0.001 mol) and potassium cyanide (0.072 g, 0.0011 mol) in dry toluene (3 mL) and the mixture was heated under reflux for 15 minutes. The volatile components were evaporated in vacuo, the residue was triturated with cold water (6 mL), and the precipitate was collected by filtration to give 4: 0.155 g (72%); mp 108-111 °C (from n-heptane-ethyl acetate 
